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FAMILY OF MAGNETIC FLOWMETERS 

BACKGROUND OF THE INVENTION 
This invention relates to magnetic ?owmeters and in 

particular to a family of ?owmeters having the novel 
characteristic of utilizing the same coil driving power 
and producing substantially the same voltage output for 
a given average ?ow velocity over a wide range of 
sizes, from less than two inches in diameter to over 
twenty inches in diameter. 

In an electromagnetic ?owmeter, electromagnet coils 
arranged around a ?ow tube are energized by a driver 
circuit to produce a magnetic ?eld across the ?ow tube. 
The magnetic ?eld generates a voltage in a ?uid ?owing 
through the tube. The voltage, which is proportional to 
?ow rate, is sensed by a pair of electrodesin contact 
with the ?uid, and is ampli?ed by a different ampli?er 
to produce a ?ow-dependent signal which is ampli?ed 
by a signal processing system to produce an output 
signal proportional to ?ow rate. Generally, the coils are 
provided with a core of ferromagnetic material, either 
in the form of an external yoke or in the form of the 
body of the meter tube when thecoils are placed inside 
the tube. The driver circuit and the signal processing 
system are generally separate components which must, 
nonetheless, be separately designed for different sizes of 
meters. For example, the driver circuit may consume 
about twenty-?ve watts of power for a three inch diam 
eter meter, and require about one hundred-?fty watts 
for a thirty inch meter. 

SUMMARY OF THE INVENTION 

One of the objects of this invention is to provide a 
family of magnetic ?owmeters having a size of from less 
than six inches to more than twenty inches all of which 
consume less power than presently known meters and 
all of which may be operated from the same power 
supply. ' ‘ 

Another object is to provide such a family of ?owme 
ters which produce generally the same output voltage 
for a particular average ?ow velocity of the fluid being 
metered, regardless of the size of the meter. ' 
Another object is to provide such a family of ?owme 

ters which may easily be characterized by a quantitative 
calibration constant, so as to permit calibration of signal 
processing systems on the basis of this constant. ' 
Other objects will occur to those skilled in the art in 

light of the following description and accompanying 
drawing. ' x ' " 4 

In accordance with this invention, generally stated, a 
family of magnetic ?owmeters of different sizes is pro-’ 
vided, each of the ?owmeters comprising a' body 
adapted to be connected in a ?ow system for measuring 
the ?ow of a ?uid therethrough, coil means for generat 
ing a magnetic ?eld in the ?uid ?owing through the 
body, a coil drive circuit for producing an excitation 
current in the coil means, a pair of electrodes in the 
meter body for producing a ?ow-dependent signal de 
pendent on the electric ?eld generated in the ?uid ?ow 
ing through the magnetic ?eld, and signal processing 
means for amplifying the ?ow-dependent signal to pro 
duce an output signal dependent thereon, wherein each 
?owmeter in the family produces substantially the same 
output signal for a given average velocity of ?ow and 
consumes substantially the same excitation power, the 
coil means of each ?owmeter being air core coils, the 
coil drive circuit of each ?owmeter producing an iden 

2 
tical pulsed DC excitation current, and the coil means of 
each ?owmeter being sized such that the strength of the 
magnetic ?eld is inversely proportional to the separa 
tion of the electrodes. Preferably, each of the meter 
bodies is tubular and each of the coil means is formed as 
a rectangle formed to the tubular body. Also preferably, 
each of the coil means'has the same number of turns and 
each of the coil means is of the same geometry relative 
to the meter body, in the range from at least as small as 
about six inches in diameter to at least as large as about 
twenty inches. By modi?cation of the coil geometry, 
the range of sizes of the meters is easily extended to 
below two inches. 
Each of the coil means is constructed such that the 

same power supply will drive the same current through 
it. Because of the geometry of the coil means and be 
‘cause of the lack of a ferromagnetic core, the coils 
produce a magnetic ?eld which is highly proportional 
to the current, and output can be predicted without any 
calibration to a tolerance of plus or minus ten percent. 

BRIEF DESCRIPTION OF ‘THE DRAWINGS 

FIG. 1 is a view in perspective of a magnetic ?owme 
ter of a family of ?owmeters of the present invention. 
FIG. 2 is a diagrammatic view in end elevation of the 

meter of FIG. 1. ' 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to the drawings, and in particular to 
FIG. 1, reference numeral 1 indicates a magnetic ?ow 
meter system representative of a family of ?owmeters 
of the present invention. The ?owmeter system 1 in 
cludes a ?ow tube 3, a pair of oppositely disposed elec- ' 
tromagnetic coils 5 energized‘ from a direct current 
source , 7 through a pulse generator 8, and a pair of 
electrodes 9 which sense a voltage generated by the 
?owof an electrically conductive ?uid through the 
magnetic ?eld produced by the coils 5 across the tube 3. 
The voltage across the electrodes 9 is ampli?ed by a 
differential ampli?er 11 and converted to an output 
signals by a signal processing chain 13. The activation 
of thecoils and the operation of the signal processing 
chain 13is controlled by a sequencer 15. 

In accordance withthe present invention, the coils 5 
are .air core coils and are con?gured to provide an ac 
ceptable output signal level at a low level of power 

\ consumption. The pulsed direct current coil drive sys 
tem preferably produces a train of pulses of the same 
polarity, but may-instead produce a train of pulses of 
alternating polarity or an alterinating “square wave” 
signal. The use of a direct current drive system is, how 
ever, imporant in the operation of the invention. 
The working equation for the meter system 1 is: 

where V is the average velocity of the ?uid, U is the 
potential difference at the electrodes, d is the electrode 
separation, B is a respresentative value of magnetic ?ux 
density, and S is a constant dependent on the geometry 
of the ?ow tube and magnetic ?eld. 

It has been determined experimentally that the shape 
of the magnetic ?eld does not affect the linearity of the 
output for axisymmetric ?ows. It could, however, in?u 
ence the value of S. 
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In a family of meters covering many sizes, it would be 
desirable to use a common set of processing electronics 
13. By rewriting the above equation to 

it can be seen that the output for any meter size will be 
of the same magnitude if SdB is a constant. The value of 
S will not change as long as the geometry of the ?ow 
tube and magnetic ?eld remains unchanged. The prob 
lem then becomes one of keeping the product of d and 
B a constant. 

It has been found that, by maintaining the relative 
geometry of the coil and flow tube and using the same 
amp turns to produce the magnetic ?eld, the value of B 
is such as to make the product of d and b a constant. 

Since no ferromagnetic materials are in the magnetic 
circuit, B is proportional to NI, where N is the number 
of coil turns and I is current through the coil. It is par 
ticularly convenient to use the same number of turns for 
each coil in a family of ?owmeters and to make the 
electrical resistance of the coils the same by choosing an 
appropriate wire gauge for a particular coil size. 

In the illustrative embodiment, the coils 5 are in the 
form of rectangles draped over the outside of the ?ow 
tube 3 and are connected electronically in series. Each 
coil 5 has an interior axial length A of ‘about 0.7D, 
where D is the outside diameter of the flow tube 3, and 
an interior width C, when ?at, of about 1rD/ 3. As 
shown in FIG. 2, each coil 5 thus encloses 120 degrees 
of the'circumference of the tube 3. Each coil 5 nomi 
nally contains four hundred turns of wire. Because the 
dimensions A and C are chosen to be proportional to 
the ?ow tube diameter D, the total length of the wire in 
each coil is also proportional to D. The wire gauge is 
chosen to maintain a total resistance of ?fteen ohms for 
the two coils. It will be seen that if the wire diameter for 

' a given meter size is W, the coil thickness t is now 20W, 
since the coil is a twenty-by-twenty wire square in 
cross-section. 

It has been found empirically that this con?guration 
of the coils 5, with a one amp pulsed current through 
the coils 5, provides a constant electrode output of 
about 750 microvolts for each ten feet per second of 
average flow velocity, regardless of the inner diameter 
d of the meter ?ow tube 3 from a diameter of six inches 
to thirty inches or more. The output at the meter elect 
rtodes varies from this nominal value by no more than 
plus or minus ten percent, and this variation at the flow 
tube may be compensated by calibration in the signal 
processing chain 13. It will be seen that all the members 
of the family have a coil power consumption of about 
?fteen watts. ' 

The range of sizes of the meters of the illustrative 
family of meters may be extended downward to 1.5 
inches, while still maintaining the same coil driver cir 
cuit and the same processing electronics. In smaller 
meter, however, several factors requie modi?cation of 
the coil geometries and the number of turns in the coils. 
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4 
The coils become bulky because small guage wire can 
not carry the required current. The pipe thickness and 
coil thickness t becomes signi?cant. The size of the 
electrodes limits the coil width C. Therefore, the axial 
length A of the coils is somewhat increased and the coil 
wire guage and number of coil turns are modi?ed to 
maintain U/V constant. 
Numerous variations in the family of ?owmeters of 

the present invention, within the scope of the appended 
claims, will occur to those skilled in the art in light of 
the foregoing disclosure. Merely by way of example, 
the size and shape of the coils may be different. The coil 
excitation power may be changed somewhat. These 
variations are merely illustrative. 
We claim: 
1. A family of magnetic ?owmeters of different sizes, 

each of said ?owmeters comprising a body adapted to 
be connected in a flow system for measuring the flow of 
a ?uid therethrough, coil means for generating a mag 
netic ?eld in said fluid ?owing through said body, a coil 
drive circuit for producing an excitation current in said 
coil means, a pair of electrodes in said meter body for 
producing a ?ow-dependent signal dependent on the 
electric ?eld generated in said ?uid flowing through 
saidv magnetic ?eld, and signal processing means for 
amplifying said ?ow-dependent signal to produce an 
output signal dependent thereon, characterized in that 
each ?owmeter in said family produces substantially the 
same output signla for a given average velocity of flow 
and consumes substantially the same excitation power, 
said coil means of each said ?owmeter being air core 
coils, said coil drive circuit of each said ?owmeter pro 
ducing an identical pulsed DC excitation current, and 
said coil means of each said ?owmeter being sized such 
that the strength of said magnetic ?eld is inversely pro 
portional to the separation of said electrodes. 

2. The family of ?owmeters of claim 1 wherein each 
of said meter bodies is tubular and each of said coil 
means is formed as a rectangle formed to said tubular 
body. 

3. The family of ?owmeters of claim 1 wherein each 
of said coil means has substantially the same number of 
turns and each of said coil means is of substantially the 
same geometry relative to said meter body. 

4. The family of ?owmeters of claim 1 wherein each 
of said meter bodies is tubular and said meter bodies in 
said family, range in diameter from at least as small as 
about six inches to at least as large as about twenty 
inches. _, 

5. The family ,of ?owmeter of claim 4 wherein said 
meter bodies in said family range in diameter to at least 
as small as about two inches. . 

6. The family of ?owmeters .of claim 3 wherein each 
of said meter bodies is tubular and said meter bodies in 
said family range in diameter from at least as small as 
about six inches to at least as large as about twenty 
inches. 

* It i * ‘I 



UNITED STATES PATENT AND TRADEMARK OFFICE 
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